INTRODUCTION
PAIRING between partner chromosomes is specific and depends on homology, while nonspecific pairing between nonhomologous regions is, in most cases, the result of heterochromatic fusion (Riley and Law, 1965; Riley and Chapman, 1957; Person, 1955) . The introduction of a new, experimentallyinduced, heterochromatic chromosome into normal male plants of R. thyrsifiorus changes the pattern of sex chromosome pairing and cause conjugation between nonhomologous partners. It is assumed that this change of chromosome pairing is also due to heterochromatic fusion. Some observations concerning the heterochromatic state of the new chromosome and its effect on the phenotype are presented here.
MATERIAL AND METHODS
Dry seeds of R. thyrsflorus collected from a natural population were treated with diepoxybutane (DEB) solutions of 0003 and 00l per cent. concentration for 2 hours at about 200 C. Immediately after treatment the seeds were washed with water and sown in pots. Root tips were treated with 8-oxyquinoline before fixation in a 3 alcohol: acetic acid mixture, stored in a refrigerator and examined in aceto-orcein squash preparations. For investigation of meiotic chromosome pairing the alcoholic hydrochloric carmine method was used (Snow, 1963) .
RESULTS
R. thyrsflorus is dioecious with chromosome constitution 2n = 14 XX+ 12A and 2n = 15 = XY1Y2+ l2A. The mechanism of sex determination in R. thyrsflorus is of the Drosophila type. In this species sex depends on the ratio of autosomes to the X chromosomes, Y chromosomes play no major role in sex determination. The X chromosomes are euchromatic. Both Y chromosomes are heterochromatic and late replicating. Heterochromatic segments are present also in two pairs of autosomes (j and v, uk, 1967) . The autosomes form six bivalents. In female plants two X chromosomes form a bivalent while, in male plants, a trivalent Y1 -X -Y2 is formed. The homologous segmens of the X ad Y chromosomes are very short and at diakinesis they associate end-to-end giving an long characteristic trivalent with the X in the middle (plate II, fig. 1 ).
Cytological observations were made in about 50 of the DEB-treated plants. Most fig. 2 ). These plants were male which indicates that the S chromosome plays no role in sex determination and it cannot be considered as an additional X chromosome. Observations of mitotic prophase in males and females revealed that this S chromosome is completely heterochromatic (plate I, figs. 3 and 4). Thus, it would appear that heterochromatisation of the new S chromosome is permanent and not physiological (cf. Lyon effect). The heterochromatic state of S chromosomes was also confirmed by observation of the presence of large heterochromatic blocks in the interphase nuclei of male and female plants. As may be seen from the data of In some p.m.c., besides the four types of bivalents described, other association between S and X, X1, Y2 chromosomes were also found. The formation of a normal sex chromosome trivalent and a S univalent was quite frequent (plate II, fig. 3 ). In some p.m.c.'s more than one apparent univalent was observed but this was rather the result of the pressure applied on the cover slip as in the case for some p.m.c.'s of normal male plants (table 3) . Occasionally also various associations of four were seen (plate II, fig. 4, 5) . In some cases prereduction of XY and SY bivalents was observed in Al. Pre-anaphase movement of these bivalents is illustrated in fig. 6 of plate II. Such behaviour may be connected with the heterochromatic state of the 5, Y1 and Y2 chromosomes and their end-to-end associations in bivalents.
Some observations were performed concerning the transmission of the new chromosome to the progeny as well as its effect on plant morphology.
From the data of tables 1 and 4 it is evident that transmission of the S chromosome to the progeny is only about 50 per cent, on the female and about 65 per cent, on the male side. This can be explained by selective fertilisation, nonrandom degeneration of cells during meiosis in macro-sporogenesis or by the lower viability of zygotes with an additional S chromosome.
Observations concerning the influence of S chromosome on plant morphology revealed that individuals with the additional chromosome are about 10 cm. shorter than the normal ones. The leaves of such plants are paler and somewhat curled. Fertility in male and female plants with the S chromosome is 10-30 per cent, below normal.
Discussion
Two points require a more detailed discussion, namely, the origin of the supernumerary and the nature of its conjugation with a nonhomologous Y chromosome. Two possible origins can be suggested. First, nondisjunction and subsequent heterochromatisation of the normal X chromosome and, second, breakage of certain autosomes followed by fusion of their heterochromatic segments. The size of the new chromosome supports the first possibility. But its heterochromatic state, the fact that 2n = 16 = XY1Y2+ l2A+S plants are male and the lack of pairing between X and S suggest rather an origin by fusion of autosomal herteochromatic segments. McCleish (1953) reported the randon association of heterochromatic chromosome segments in Vicia during interphase. The same may be true also for Rumex. Dyer (1964) obtained some indications that euchromatin can be converted to heterochromatin as a result of translocation between hetero-and eu-chromatic segments. In such a case the contraction of translocated euchromatin can be affected by the proximity of heterochromatin. Taking into account these two observations, it is possible to imagine that the S chromosome could arise by fusion of the heterochromatic arms of the j and v chromosomes or by some combinations of both eu-and hetero-chromatic segments of the R. thyrsflorus autosome set. The first step was induction of a few breakages by DEB treatment followed by translocations and fusion of broken ends.
There are also some data on chromosome pairing during meiosis in haploid plants which have a bearing on the nonhomologous conjugation between the S and Y chromosomes. According to Levan (1942) nonhomologous pairing in haploid rye seems to start at the heterochromatic segments. Person (1955) reported e-e (end-to-end) and s-s (side_by-side) association of chromosome during meiosis in haploid Triticum aestivum. He suggested that homology is not a factor in the formation of e-e associations. Riley and Chapman (1957) also observed two main types of univalent associations (e-e and s-s) in polyploids and haploids of Aegilops Triticum. They suggested that all types of univalent associations were due to heterochromatin fusion. Southern (1967) described nonhomologous associations in Metrioptera brachyptera as a consequence of a persistent heterochromatic association between large heterochromatic blocks.
It is possible that the e-e association observed in Rumex between nonhomologous S and Y chromosomes is also due to heterochromatic fusion. It is interesting why Y1 and Y2 chromosomes do not form one common heterochromatic block in interphasel nuclei of normal male plants. There is good reason to assume that a special mechanism develops during the evolution of dioccious R. t/yrsflorus to prevent the fusion of heterochromatic Y chromosomes. This mechanism probably eliminates Y1Y2 associations and thus facilitates the regular behaviour of the sex chromosome mechanism. 2. The S resembled the X in size and morphology but differed in being fully heterochromatic and it played no role in sex determination.
3. At meiosis in male plants the S usually formed a bivalent with one of the Y chromosomes.
4. The S chromosome could have arisen by nondisjunction of the X chromosome or by fusion of heterochromatic segments of autosomes. The second hypothesis seems to be more plausible.
5. Nonhomologous associations between S and Y chromosomes may depend on the heterochromatic state of both these chromosomes. Note prereduetion of bivalents formed by X, 5, Y5, Y5 chromosomes.
